.
Some years ago, it was reported that cell division is much more likely to occur in an irradiated population of E. coli B if the cells are tightly grouped on an agar surface. This phenomenon was termed "neighbor restoration" (7). We considered it likely that a diffusible substance was leaking from groups of cells and stimulating cytokinesis in radiation-damaged individuals. We are now able to confirm and to expand the observation made by Delaporte, and have established that a partially purified extract of E. coli induces division and consequent macrocolony formation in radiation-damaged cells of filament-forming E. coli strains. Growth conditions. The organisms were grown in liquid medium with agitation at 37 C for 16 to 20 hr (stationary phase). For plating, a sample of the irradiated AB1899NM was introduced into a petri dish (20 mm deep), along with the component to be tested for division-promoting activity; then 18 ml of the agar medium at 42 to 45 C was pipetted into the plate. The plate was swirled gently to ensure mixing of the test organism and other components. It was transferred to an incubator (37 C) immediately after hardening, and colonies were counted after 1 or 2 days of incubation.
Irradiation. A 250-kv General Electric Maxitron X-ray machine and an ultraviolet (UV) source consisting of two 15-w General Electric germicidal lamps (2,537 A) were used in these experiments. The culture of AB1899NM was diluted at least 1:10 in phosphate buffer for X-ray experiments and 1:1,000 for UV experiments. More details on irradiation techniques have been given elsewhere (1).
Preparation ofdivision-promoting extracts ofE. coli. Stationary-phase cells were harvested by centrifugation, and were washed once in cold 0.067 M phosphate buffer. They were then concentrated 50-fold and resuspended in buffer. This concentrated suspension was passed twice through a cold French pressure cell operated at 12,000 psi, and was then centrifuged at 4 C at 20,000 X g in a Spinco ultracentrifuge (no. 30 rotor) for 30 min. The pellet was discarded. Divisionpromoting activity was present in the supernatant liquid. This supernatant liquid will be referred to as Si. This was further fractionated by centrifugation at 4 C for 5 hr at 150,000 X g in a Spinco ultracentrifuge (type 50 titanium rotor). The supernatant fluid from this centrifugation was labeled S2. The pellet (P2) was brought back to the original volume in 0.067 M phosphate buffer (pH 6.8).
For convenience in presenting the results, a quantity, the "division index," will be used. It is defined as the number of cells forming colonies in the presence of a division-promoting agent divided by the number of cells forming colonies in the absence of the agent. The index is always calculated for cells that have been irradiated with a dose sufficient to reduce survival in nutrient agar to approximately 0.5%. All data used in figures and tables are averages for three or more experiments, except when otherwise noted.
RESULTS
In the course of our microscopic observations of filament-forming organisms growing on nutrient agar surfaces, we observed a phenomenon similar to that described by Delaporte (7) . Dividing cells were found in groups rather than randomly distributed among the growing filaments.
To quantify and to study this phenomenon (6) .
We have suggested that bacteria can be divided into two broad classes with respect to inactivation by radiation (3). Cells of most strains fail to grow appreciably when placed on nutrient media after irradiation (growth-inhibited class). Cells of a few mutant strains do grow under these conditions, but fail to divide (division-inhibited class). Organisms in this laster class are the filamentformers. Several postirradiation treatments have been shown to stimulate cell division in filamentformers, without having any effect on representatives of the growth-inhibited class. Donor cells had no effect on the survival of E. coli P678 (Fig.  4) . This organism did not form filaments after exposure to radiation. It is a typical member of the growth-inhibited class. It appears, therefore, that "neighbor restoration," like the effect of pantoyl lactone and other treatments previously discussed (3), is relatively specific for the induction of division in bacterial filaments.
It has long been known that high concentrations of cells can influence the division of a selected population (19) , and in most cases it has been postulated that the effect is attributable to a "diffusible substance." We therefore made extracts of donor cells, hoping to isolate the "diffusible substance" or the system that generates it. The extracts did promote cell division in filamentforming cells, and were without effect on nonfilamentous cells. The extracts therefore retained the specificity of the donor cells.
We were aware that anaerobic conditions in the postirradiation plating medium had been reported to result in an increase in survival for E. coli B, a filament-forming organism (11) . Although it seemed unlikely that the addition of extract to the plating medium could produce even a temporary anoxia as a result of enzymatic oxidation of medium components, this possibility was investigated. Three experiments in which plated samples of irradiated AB1899NM were held under strictly anaerobic conditions (hydrogen or hydrogen plus 5% carbon dioxide) for various periods of time failed to reveal any evidence that anoxia improved survival.
One might consider that the division-promoting activity of extracts was due to the presence of some common nutritional factor (18) . This is made unlikely by the fact that the assay for activity of extracts was performed in an already enriched nutrient medium. Furthermore, the data indicate that the system responsible for promoting cell division is relatively complex, involving both heat-labile and heat-stable components.
These extracts may be further examined from at least two points of view. First, it is apparent that they can enhance the survival of certain strains of bacteria after exposure to radiation. It can therefore be suggested that a "repair enzyme(s)" is present. Several presumably enzymatic mechanisms capable of reversing radiation damage in bacteria have been described (5, 8, 13, (15) (16) (17) . Although the details of the mechanism are not yet known, all of these systems seem to operate directly on UV-damaged deoxyribonucleic acid (DNA). They may, in fact, be relatively specific for damage done to DNA as a result of UV-induced thymine dimers. The system we are studying has the following properties: it is effective on intact cells; it is capable of repairing both UV and ionizing radiation damage; and it is relatively specific for damage that impairs cell division. It is, of course, premature to speculate extensively on the relations among the various systems until they are more fully characterized. Since it has been demonstrated that several genetic loci control radiation sensitivity in E. coli, it is likely that several mechanisms for repair will be elaborated (1).
A second and perhaps more interesting way to look at this system is the following: the filamentforming mutants allow us to produce populations of cells that are growing, synthesizing macromolecular components, and in which nuclei are dividing more or less normally. Such cells make an excellent test system for studying agents that specifically stimulate cell division.
In the present paper we have described an extract of E. coli that can stimulate cell division in E. coli filaments. It is likely that it contains components normally involved in the control of division in these bacteria. We will attempt to purify further and to characterize the division-promoting system.
